Introduction {#sec1}
============

Age-related macular degeneration (AMD), a leading cause of blindness among adults over the age of 65 in Western countries,[@bib1] is a common visual condition in patients with Parkinson\'s disease (PD).[@bib2] PD is a progressive neurodegenerative disorder that results in the loss of dopaminergic neurons in the substantia nigra and manifestations of Parkinsonian motor abnormalities include bradykinesia, resting tremor, and postural imbalance.[@bib3] A multitude of non-motor symptoms, including depression, autonomic dysfunction and visual disturbances, are frequently present during the early, prodromal stages of PD,[@bib4] prior to the cardinal motor signs of the disease. As such, it is imperative for clinicians to better understand the clinical features that appear during this latent phase of neurodegeneration in PD so that diagnosis and treatment can be provided as early as possible.[@bib5] One large cohort study showed that patients with neovascular AMD (nAMD) had a higher risk of developing PD, with a rate ratio of 2.57 (95% CI; 1.42--4.64).[@bib2] In this study, patients with nAMD were followed for three years to the first PD event. However, the researchers did not control for PD latency, the time period in which non-motor indicators emerge prior to the hallmark motor signs that are used for clinical diagnosis of PD. The purpose of our study is to determine whether patients diagnosed with nAMD are at a higher risk of developing PD while controlling for PD latency.

Methods {#sec2}
=======

This was a cohort study using the British Columbia (BC) Retinal Disease Database and includes all patients in BC, Canada who were newly diagnosed with nAMD from 2009 to 2013. The BC Provincial Retinal Disease Treatment Program was developed in 2009 by the BC Ministry of Health and the Provincial Health Services Authority (PHSA) to offer anti-VEGF therapies (bevacizumab or ranibizumab) for patients in BC with nAMD. The retina specialists who administer the treatment were responsible for collecting the relevant patient health information, including age, gender, clinic location, date of treatment, injection type and visual acuity (VA).[@bib6] The patient data were then submitted to a comprehensive database that includes all intravitreal injections given from 2009 to 2013. These data are subject to regular quality control through frequent electronic data edits and are linkable to other BC Ministry of Health Databases,[@bib7] which capture all hospitalizations through the Discharge Abstract Database and all physician visits obtained through the Medical Services Plan (MSP) data file.[@bib8] As all residents of BC have access to universal healthcare, all diagnoses are completed through physician billings (MSP) and entered into the MSP database. This includes any BC residents who are diagnosed with PD (including those with nAMD), and thus it is unlikely for the PD diagnosis of a subject (before or after nAMD diagnosis) to not be captured into the MSP. Diagnosis of PD was made by physicians using the first ICD-9 code for PD (ICD-9332) and was ascertained through the MSP database. PD cases were required to have an additional PD code after the first to be qualified as a case. Rates of PD in patients prior to the diagnosis of nAMD (the date of injection for bevacizumab or ranibizumab) were calculated and compared to the rates of patients newly diagnosed with PD after the diagnosis of nAMD (after the first intravitreal injection). Both of the PD rates were extracted from the same MSP database. Since the duration of the prodromal phase in PD is long and can range between 2 and 10 years prior to the actual diagnosis of PD,[@bib9] we allowed for a 300-days lag period in order to control for PD latency. This was based on the hypothesis that PD events occurring within the first 300 days after the diagnosis of nAMD were probably not related to the nAMD disease itself and could thus be excluded. We computed age-adjusted rates for both pre- and post- AMD periods. Ethics approval was granted for the study by the University of British Columbia\'s Clinical Research Ethics Board.

Statistical analysis {#sec2.1}
--------------------

Incident rates and rate ratios for PD were computed (adjusting for age) for the period before diagnosis of nAMD and compared to the period after diagnosis of nAMD.

Results {#sec3}
=======

From the BC Retinal Disease Database that we used in our study, a total of 13,124 subjects were newly diagnosed with nAMD. Rates of PD before initiating injection and rates of new PD after the diagnosis of nAMD (one-year period after the 300 days lag period) were calculated to see how many of the nAMD patients were diagnosed with PD before and after the diagnosis of nAMD. PD was ascertained by linking the nAMD patients to the MSP database. There were 110 cases of PD prior to the diagnosis of nAMD for a rate of 1.42 cases per 100,000 person-years. This is in contrast to the 24 new cases of PD (accounting for a 300-day latency period) that were diagnosed after the diagnosis of nAMD, translating to a rate of 2.8 cases per 100,000 person-years. The two rates yielded a rate ratio of 2.03 (95% CI; 1.31--3.16).

Discussion {#sec4}
==========

The results we obtained from our study are consistent with that by Chung et al. in which patients newly diagnosed with nAMD had a higher risk of developing PD.[@bib2] The major difference in our study to their study however is the added advantage of controlling for PD latency.

The underlying pathological mechanism between PD and nAMD is still unclear, although it is widely recognized that depletion of dopamine levels in the basal ganglia and the retina result in clinical manifestations of motor and visual symptoms respectively.[@bib10] Recent studies have also suggested other possibilities, including a potential genetic association between the degeneration of the retinal pigmented epithelium (RPE) and PD.[@bib11] In that study, mice with ablation of the Ran-binding Protein 2 (Ranbp2) in the RPE experienced RPE degeneration and secondary leakage of chordiocapillaris, similar to the clinical features seen in nAMD. One-third of those mice eventually developed Parkinsonian tremors.[@bib11] Similarly, another study found that toxic accumulation of iron, which is known to play a role in PD, was two-folds higher among patients with AMD compared to that of controls.[@bib12]

Patients with AMD also have a notably thinner retinal nerve fiber layer (RNFL),[@bib13] and various studies using optical coherence tomography (OCT) have found a significantly reduced RNFL thickness in patients with PD as well.[@bib14], [@bib15], [@bib16] Specifically, it has been found that PD patients with a longer duration of the disease had a greater thinning of the inner retinal layers, including the RNFL, ganglion cell layer (GCL) and inner plexiform layer (IPL).[@bib14] The same study also found that the thickness of the GCL was predictive of axonal damage in PD, noting an inverse relationship between the thickness of the GCL and the severity and duration of PD.[@bib14] The objectivity of OCT measurements has also led another group to derive a formula that can give a near approximation of the Unified Parkinson\'s Disease Rating Scale (UPDRS) score based on the duration of the disease and the average thickness of the peripapillary RNFL, thereby allowing for early diagnosis and prediction of the severity of PD.[@bib17] Altogether, it is believed that the visual deficits (i.e., reduced contrast sensitivity and color vision) among PD patients are due to loss of retinal dopaminergic amacrine cells and damage to the ganglion cell axons as a consequence of the neurodegenerative process in PD.[@bib18]

The establishment of an association between nAMD and PD may allow for an earlier diagnosis of PD, and therefore earlier therapeutic interventions to slow down the neurodegeneration process. The strengths in our study include having a sufficiently large sample size to generate a meaningful statistical analysis in understanding the link between nAMD and PD, and allowing for a lag period to control for PD latency. One limitation of our findings is that we did not have data on other risk factors such as smoking or family history in our study. Future studies are needed to validate these data and to examine the risk of PD in relation to the duration of nAMD.

In conclusion, the implications of our study suggest that nAMD may be a predictive factor for the onset of PD. However, more research is needed to elucidate the pathomechanism between neovascular AMD and PD, and to verify whether there is in fact a causal relationship between the two pathologies.
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